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METHOD OF FORMING A THERMALLY STABLE SILICIDE 



FI^^D O 17 THE JMV^NTION 

This invention relates to formation of silicide as 
part of a semiconductor device, and more particularly, 
co a method of forming a thermally stable silicide as 
10 part of such device. 

R&ryr,ROUNP nr the INVENTION 

The article "Agglomeration-Free Nanoscale Cobalt 

Silicide Film Formation Via Substrate 
15 p reamorph ization» , by S. Pramanick et al . . published 

August, 1993 (1993 Materials Research Society, 

Materials Research Society Symposium Proc . , Vol. 309. 

at cages 475-4B0), herein incorporated by reference. 

discloses a method of growing cobalt silicide (CoSiO on 
20 a silicon substrate. The article sets forth that m 

submicron ULSI devices, silicides are increasingly 

being used for junction and gate contacts, and for 

T u. -rticie further discusses the 
local interconnects. The article 

problem that as feature size is reduced, thinner 
25 silicide films are more susceptible to the phenomenon 
of agglomeration, since film stability is critically 
dependent on the ratio of silicide grain diameter to 

layer thickness. 

The article describes a process wherein amorphous 
30 silicon is formed on the surface of a silicon substrate 
by implantat ion of Ge+ ions to form an amorphous layer. 
Subsequent thereto, a cobalt layer is deposed and the 
resulting structure is heated so that a cobalt silicide 
(CoSi,) layer is formed on the silicon substrate. 
35 The preamorphization of the silicon substrate 

s 1 1 1 c i dax-i^n-suTpr^ss^s^gg^mer^on^uring, 



sllt-idl formation, with small grain size leading to 
enhanced stability. The article discusses in detail 
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how this is achieved, and further describes the results 
of practicing such method. 

While this method is effective for growing a thin 
layer of CoSi :r there are applications wherein titanium 
silicide has advantages. The article does not address 
the growing of titanium silicide on a silicon body. 

In addition, in the article, implantation of ions 
to form amorphous silicon takes place into exposed 
silicon, which results in contamination to the surface 
of the silicon, which can in turn lead to problems in 
further processing of the device. 

SUMMARY OF THE INVENTION 

The present invention overcomes the above-cited 
problems by providing a method for growing a very thin 
layer of titanium silicide on a silicon body, by 
providing a layer of amorphous silicon on the body on 
which the titanium silicide is grown. Particular 
advantages are provided in that in reaching the low 
resistance phase of the titanium silicide, a lower 
temperature is required than if the silicon body did 
not include amorphous silicon. Furthermore, 
implantation of ions to form the amorphous silicon is 
undertaken after the metal layer (which will be used to 
form the silicide) is provided on the surface of the 
silicon body, thereby avoiding contamination problems. 

DESCRIPTION OF THE DRAWINGS 

Figs . 1-12 show the present method as practiced in 
accordance with the invention, in particular: 

Fig- 1 is a cross sectional view of a portion of a 
semiconductor device, showing P well implant; 

Fig-. — 2 is a v iew^^^f^o^^at^howTrrn Fig. — 

showing N well implant. 
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Fig. 3 is a view similar to chat shown in Fig. 2. 
but showing the state of the device after source/drain 

nitride etch; 

Fig. 4 is a view similar to that shown in Fig. 3, 
5 but showing the device after field oxidation; 

Fig. 5 is a view similar to that shown in Fig. 4, 
but showing the device after gate etch; 

Fig. 6 is a view similar to that shown in Fig. 5, 
but showing the device after spacer oxide deposition; 
10 Fig 7 is a view similar to that shown in Fig. 6. 

but showing the device after spacer etch; 

Fig. 8 is a view similar to that shown in Fig. 7, 
but showing the device during N+ source/drain implant; 

Fig. 9 is a view similar to that shown in Fig. 8, 
15 but showing the device during P+ source/drain implant; 

Fig. 10 is a view similar to that shown in Fig. 9, 
but showing the device after titanium or cobalt 
deposition ; 

Fig. 11 is a view similar to that shown in Fig. 
20 10, but showing the device after amorphization implant 
and shaping of the titanium or cobalt; and 

Fig. 12 is a view similar to that shown in Fig. 
11, but showing the device after silicidation formation 
and etch. 

25 

nP.qrRTPTION OF THE P REFERRED EMBODIMENT 

With reference to Fig. 1, initially, a P type 
silicon substrate 10 of resistivity of for example 10 

ohm-centimeLeis is provided. The top layer 12 of th p 

30 substrate 10 is shown as an epitaxial layer, but may 
also be a nonepitaxial layer. 

In order to form a P well in the substrate 10, 

i P Sri*n y a resist layer 14 is applied to the substrate 

10 and is appropriately patterned. Next, boron is 
35 implanted at a dosage of lE13cm : , at 80 keV, to form P 
well 16. 
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As shown in Fig. 2, after removal of Che resist. 
14 , another resist layer 20 is patterned on the 
substrate 10. To form the N well 18, phosphorous is 
implanted at a dosage of 3E13cm : at 100 keV. 
5 During the implants of Figs. 1 and 2, a thin 

residual oxide layer 22 is formed on the surface of the 
substrate 10. 

With reference to Fig. 3, a 2000 A thick nitride 
layer 24 is deposited, and patterned by etching to 
10 define active device areas. 

Growth of field oxide 26 is then undertaken (Fig. 
4), at 1100°C and 1 atmosphere pressure in the 
environment of 4% 0 2 and 96% Ar, for approximately 1Z 
hours. This step causes drivein of the implanted 
15 dopants to from the P well 16 and N well 18. 

Referring to Fig. 5, a 100 A thick oxide 28 is 
grown by thermal oxidation at 1000°C. A 2000 A thick 
layer of polysilicon is deposited on the resulting 
structure, using LPCVD at 650°C. The polysilicon layer 
20 is then patterned as shown using masking and etching 
techniques to form polysilicon gates 32. The oxide 
layer 28 is then etched to form gate oxide under each 
gate 32. 

With reference to Fig. 6, a 1000 A thick silicon 
25 dioxide layer 34 is deposited by chemical vapor 

deposition on the resulting structure. Gate spacers 36 
formed from this layer 34 are defined using 
photolithography process and spacer etch (Fig. 7) . 

After application and patterning of resist 37, N+ 
30 source/drain regions 38 are formed by arsenic implant 
of dosage 6E15cm" 2 at 70 keV (Fig. 8) . 

Next, referring to Fig. 9, after removal of resist 

3-7 — a-nd— appid-c-a-trioiT— -and— pa-t-texn-i-n^— o-f — re-s-i-str-; — 3-9— p-^ 

source/drain regions 4 0 are formed by BF 2 implant cf a 
35 dosage 5E15cm" : at an energy level of 50 keV. The 

dopant activation in the source/drain areas for both 
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che N+ and P + regions is carried out ac 1100° C for 15 
seconds RTA in ambient: Ar . 

At: this point:, and wich reference to Fig. 10, 
after removal of resist 39, a 500' A. or less thick 
5 titanium or cobalt layer 42 is deposited over the 

resulting structure. As shown in Fig. 10, amorphized 
silicon 44 is formed underneath the titanium or cobalt 
layer 42 by implantation of Ge+ or Si+ or any other 
appropriate dopant. For Ge+ and Si+ implantation, 

10 amorphization is achieved by a dosage of 3E14cm* z and 
lE15cm* : respectively. The energy of the implantation 
can be tuned to achieve desired amorphous silicon 
thickness and dependent on the deposited metal 
thickness (for example 30 KeV) . 

15 Furthermore, depending on conditions, it may be 

advantages to implant with arsenic or phosphorus. 

Fig. 11 shows amorphized silicon 44 formed from 
the implant of Fig. 10. Then, also as shown in Fig. 
11, the metal layer 42 is patterned by resist and 

20' etching steps. 

Reference is next made to Fig. 12, showing 
formation of the silicide. 

In the case of titanium, titanium silicide has two 
crystallographic phases, i.e., C49 and C54 . . Phase C49 

25 has a high resistance and is therefore undesirable for 
use as a conductor in a semiconductor devices, while 
phase C54 is of low resistance and therefore is a 
desirable phase. As temperature is raised, the 

titanium silicide first reaches phase C4y and then 

30 phase C54 . 

In the case of forming titanium silicide over non- 
amorphous crystalline silicon or non-amorphous 

pplysilic^n rhp process is normall y un de jr_r.aJ cpn in r wo 

steps, first raising temperature to 600° to 700°C to 

35 form the C49 phase and then going to 750° to 850°C to 
form the C54 phase. It has been found thac if the 
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crystaliographic silicon or polysilicon is amorphized, 
in reacting amorphized silicon and titanium, the C54 
phase can be reached at 650°C, and that one can reach 
this state by directly raising the temperature to 650°C 
5 without the need for going through the two-step process 
described above. This reduces the overall thermal 
budget of the device, and helps with other thermal 
constraints. That is, as less heat is necessary for 
proper formation of the desirable C54 phase, thermal 

10 instability problems are reduced, and smaller grain 
silicide is achieved, with the advantages attendant 
thereto as pointed out in the above-cited article. 

In providing cobalt silicide, the phase problem is 
not attendant thereto, since cobalt does not have 

15 comparable phases, but can be silicidized by a one step 
process at for example 700°C for 20 seconds. Thus, 
while the above-cited article discusses growth of 
cobalt silicide on amorphous silicon, there is no 
suggestion of the advantages attendant thereto in 

20 growing titanium silicide over amorphized silicon, as 
described herein. 

Furthermore, as will be noted, the formation of 
the amorphous layer takes place by implantation of ions 
through metal (which will be silicidized) on the 

25 semiconductor substrate. Thus, contamination problems 
due to implantation of exposed silicon are avoided. 
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CLAIMS 

1. A method of providing a silicide as pare of a 
semiconductor device comprising: 

5 providing a silicon body; 

providing a metal on said silicon body; 
forming amorphous silicon beneath said metal; 

and 

reacting said amorphous silicon and metal to 
10 form a silicide. 

2 . The method according to Claim 1 and further 
comprising forming the amorphous silicon by ion 
implantation through the metal. 

15 

3. The method of Claim 2 and further comprising 
undertaking the ion implantation by implantation of 

. germanium ions. 

4. The method of Claim 2 and further comprising 
20 undertaking the ion implantation by implantation of 

silicon ions . 

5. The method of Claim 2 and further comprising 
undertaking the ion implantation by implantation of 

25 phosphorous ions. 

6. The method of Claim 2 and further comprising 
undertaking the ion implantation by implantation of 



30 



arsenic ions 



7. The method of Claim 1 and further comprising 
providing the metal as cobalt. 

8. The method of Claim 1 and further providing 
35 the metal as titanium. 
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9. The method of Claim 1 and further providing 
the silicon body as monocrystal line . 

10. The method of Claim 1 and further providing 
5 the silicon. body as polycrystalline . 

11. The method of Claim 1 and further comprising 
the step of heavily doping the silicon body prior to 
forming the amorphous silicon. 

10 

12. A method of providing titanium silicide as 
part of a semiconductor device comprising: 

providing a silicon body; 

providing amorphous silicon and titanium 
15 adjacent to each other; 

reacting said amorphous silicon and titanium 
to form titanium silicide. 



13. The method of Claim 12 and further comprising 
20 providing the amorphous silicon prior to providing the 

titanium. 

14 . The method of Claim 12 and further comprising 
providing the amorphous silicon after providing the 

25 titanium. 

15 . The method of Claim 13 or 14 and further 
comprising forming the amorphous silicon by ion 
implantation . 



30 



16. The method of Claim 12 and further comprising 
the step of heavily doping the silicon body. 



17. The method of Claim 12 and further comprising 
3 5 providing the silicon body as monocyrstalline . 
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18. The method of Claim 12 and further comprising 
providing the silicon body as poiycyrstailine . 
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